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After repeated contact, many surfactants will cause skin irri-
tation and, especially, dryness and scaliness. Earlier in vitro 
investigations suggested that the irritation potential of an-
ionic surfactants was related to the induction of hydration of 
isolated stratum corneum membranes. We have now investi-
gated early surfactant-stratum corneum interaction in vivo. 
Sodium salts of n-alkyl sulfates with variable carbon chain 
length (n = 8 - 14) were tested for the promotion of stratum 
corneum hydration by measurements of skin surface water 
loss and electrical capacitance measurements in healthy adult 
human volunteers. The surfactant-induced increase in water 
uptake was confirmed in llitro by means of isolated stratum 
corneum samples and surfactant solutions labeled with tri-
tiated water. In a parallel experiment the irritation potential 
of these compounds was investigated by 24-h patch testing in 
human volunteers. The irritant responses were quantified 
non-invasively by erythema (skin color reflectance measure-
ments) and transepidermal water loss measurements. 
Hydration of stratum corneum exposed for 5 min to sur-
Frequent exposure of the skin to surfactants in dermato-logic drugs, cosmetics, and toiletries may induce skin irritation in susceptible individuals . The irritant response is characterized by erythema, dryness, and scaliness. A direct interaction between surfactants and keratin pro-
teins appears to be responsible for the early events in this process, 
especially in the induction of dryness, roughness, and scaling [1]. 
This surfactant-stratum corneum interaction probably involves a 
denaturation of a-helical keratin by unfolding the coiled polypep-
tide protein chain as suggested by several in vitro experiments [2 - 5]. 
Methods that have been used to evaluate the protein-denaturing 
potency have measured the following phenomena [6] : exposure of 
sulf11ydryl groups, change of specific rotation, degree of the inhibi-
tion of invertase, change of molar ellipticity, and pH rise of bovine 
Manuscript received July 1, 1992; accepted for publication March 18, 
1993. 
Presented in part at the International Symposium on the Environmental 
Threat to the Skin, Cardiff, U.K., March 1991 and published partially in the 
Meeting Proceedings (M Dunitz Publishers, London, Marks R, Plewig G, 
eds.). 
Reprint requests to: Dr. H.1. Maibach, Professor, Department of Derma-
tology, School of Medicine, University of California-San Francisco, Box 
0989, Surge 110, San Francisco, CA 94143-0989. 
Abbreviations: CMC, critical micelle concentration; SC, stratum cor-
neum; SLS, sodium lau.ryl sulfate; SSWL, skin surface water loss; TEWL, 
trans epidermal water loss. 
factant solutions significantly exceeded that of controls 
(phosphate-buffered saline) . It increased with application 
time and was concentration dependent, saturable with in-
creasing concentration, and rapidly reversible. Baseline hy-
dration was re-established only 10-15 min after treatment 
termination. Induction of hydration was closely correlated 
with the irritation potential of the investigated compounds. 
It initially increased with increasing carbon chain length. 
The maximum response was obtained for the C12 analogue 
(sodium lauryl sulfate). With further increases in molecular 
size induction of stratum corneum hydration subsequently 
decreased. 
We have demonstrated that anionic surfactants increase 
stratum corneum hydration in vivo. The present results sug-
gest that the mechanisms responsible for the hydration are 
related to the irritation properties of these compounds. Key 
words: surfactants/stratum corneum/water content/skin ir-
ritation/water evaporation. ] Invest Dermato! 101 :31 0-315, 
1993 
serum albumin [7]. This initially reversible conformational change 
of keratin proteins is most likely also responsible for the surfactant-
induced swelling of various membranes, e.g., isolated stratum cor-
neum, gelatin, and collagen film [2-4] . The swelling of these 
membranes after surfactant treatment resulted from an increased 
water absorption that appeared to be related to the in vivo irritation 
potential of the test surfactants, especially for the anionic species. 
Uptake of water by stratum corneum (SC) samples can be evalu-
ated in vitro gravimetrically, by infrared spectroscopy, or by the use 
of tritiated water. In vivo the water content ofSC can be quantitated 
by several non-invasive techniques, e.g., electrical measurements, 
microwave probes, photoacoustic measurements, etc. An indirect 
measurement of the SC's water content can be obtained by monitor-
ing the water evaporation from the skin surface (skin surface water 
loss, SSWL) over time [8,9] . 
The aim of this study was to investigate the early subclinical i,l 
vivo effects of surfactant solutions on human sc. The question was 
raised whether surfactants increased SC water content also in vivo 
and if so whether it would correlate with the irritation potential of 
these compounds. We therefore exposed human volunteers on their 
forearms to sodium salts of n-alkyl sulfates with variable carbon 
chain length at different concentrations for relatively short time 
periods (1-10 min), which did not induce any visible or perceptible 
irritation response. In a parallel experiment the irritation potential 
of these compounds was investigated by 24-h patch testing in 
human volunteers. To confirm the in vivo observation of surfactant-
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Figure 1. Schematic representation of baseline transepidermal water loss 
(TEWL) on the left side and the skin surface water loss (SSWL) of an 
artificia lly hydrated Se. In the case of a (hyper-) hydrated SC as a result of 
occlusion or application of an aqueous solution SSWL equals baseline 
TEWL plus excess water evaporation. 
induced increased SC water uptake we performed ill vitro studies 
with isolated SC and surfactant solutions labeled with tritiated 
water. 
MATERIALS AND METHODS 
Chemicals A homologous series of alkyl sulfates (purity> 99%) based on 
different alkyl chain length (C8 -C16) was obtained from Research Plus 
(Bayonne, NJ). Tween 2~ (polyoxyethylenesorbitan monolaurate) was ob-
tained from Sigma C henllcals (St. LOUIS, MO). 
Study Population Healthy caucasians (18-48 years of age) volunteered 
to participate a~ter ~igning a conse~t form. Volunteers were deeme~ to ~e 
free of active skm disease and were mstructed not to wash or treat their skm 
with any skin-care product for a period beginning 24 h prior to the experi-
ments until the last measurement. Every experiment was performed in 
groups of 10 volunteers. This study was performed in part in San Fr~ncisc::o, 
CA and in Lubeck, Germany, and was approved by the local University 
Committees on Human Research. 
.' Procedure 
In Vivo Stratulll Comelllll Hydratioll: Volumes of surfactant solution 
(0.45 ml) were applied to the mid-volar forearm using occlusive polypro-
pylene chambers with non-woven cotton pads (2.5 cm2, HiJlt?p Laboratory, 
Cincinnati, OH). The patches were fixed With non-occlusive paper tape 
(Scanpore, Norgeplaster, Oslo, Norway). Application time was 5 min unless 
otherwise indicated and the concentrations were as follows: 3, 10, 30, and 
100 mM. Phosphate-buffered sal ine served as vehicle control. At the end of 
exposure, the skin was wiped with a soft paper towel (Kimwipes, Kimberly-
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Figure 2. Stratum corneum hydration as evaluated by capacitance measure-
ments after 5-min application (indicated by the black bar) of20 mM sodium 
lauryl sulfate (SLS) and buffer solution (control) , respectively (means; II = 
10 volunteers). Error bars are not included for clarity (for SD see Table I). 
Clark, Roswell, GA) to remove remaining solution, rinsed with distilled 
water, and gently dried with a soft paper towel. 
It, Vitro StratulII Comelllll Hydration: Dermatomed human skin (0.5 mm, 
Dermatome Model B; Padgett, Kansas City, MO) was obtained from the 
thigh of c~davers at autopsy (School of Medicine, University of California-
San Franclsc::0 )' IsolatIOn of SC was performed as described previously by 
hea.t separatlO~ of SC and epidermis [10). Dry SC samples were stored in a 
deSiccator until fur~her use. Samples of dry SC (3 - 5 mg) were treated with 
the test surfactant m 500 III PBS and tritiated water giving approximately 
40~,OOO dpmjml. In:ubation was in screw-cap borosilicate glass vials, 
which w~re cappe.d With a Teflon septum. The vial contents were equili-
brated, With occasIOnal gentle agitation, for various time intervals at 20 ± 
2°e. The SC samples were then removed from solution with tweezers, 
gently blotted on a soft paper towel to remove adhering tritiated water, and 
immediately dissolved in Soluene 350 (Packard Instruments Co., Downers 
Grove, IL). Concentrations of tritiated water in the vehicle and in the dis-
solved SC sample were then determined by liquid scintillation counting (Tri 
Carb, Model 1500; Packard Instruments, Co., Downers Grove, IL). All 
experiments were performed in quintuplicate. The swelling was defined as 
gram water uptake per gram dry stratum corneum. 
Table I. Stratum Corneum Hydration and Skin Surface Water Loss' 
Capacitance Skin Surface Water Loss 
Time (min)b Control SLS Control SLS 
Before 100.0 ± 23.1 100.0 ± 13.9 4.0 ± 3.5 4.0 ± 2.2 
1 125.2 ± 34.9 140.1±17.4 24.8 ± 5.9 42.0 ± 10.1' 
2 120.5 ± 27.3 126.1 ± 14.5 16.2 ± 7.2 24.2 ± 10.4' 
3 125.6 ± 5.4 118.0 ± 14.2 9.7 ± 2.4 16.7 ± 6.6' 
4 108.4 ± 25.4 113.8 ± 13.1 9.5 ± 5.4 12.7 ± 5.0 
5 107.1 ± 25.8 110.8 ± 13.0 7.3 ± 5.0 10.0 ± 4.5 
6 105.7 ± 25.8 107.9 ± 14.2 6.1 ± 4.8 8.9 ± 4.0 
7 107.0 ± 26.5 107.0 ± 13.0 5.8 ± 4.4 7.5 ± 3.4 
8 105.6 ± 25.1 104.2 ± 15.2 5.6 ± 3.8 7.0 ± 3.0 
9 103.7 ± 27.8 104.0 ± 14.9 4.9 ± 3.8 6.5 ± 3.0 
10 105.0 ± 25.7 104.0 ± 16.3 4.6 ± 3.8 5.7 ± 2.7 
12 105.9 ± 23.9 102.1 ± 16.6 3.6 ± 3.8 4.8 ± 2.7 
15 103.4 ± 25 .1 98.4 ± 15.4 3.2 ± 3.7 4.4 ± 2.7 
20 101.1 ± 26.6 98.4 ± 16.0 2.8 ± 2.8 3.9 ± 2.4 
25 96.7 ± 25.5 95.6 ± 15.3 3.0 ± 3.0 3.7 ± 2.2 
30 97.5 ± 27.2 97.0 ± 16.5 2.7 ± 3.1 3.6 ± 2.3 
40 97.5 ± 26.6 95.5 ± 15.8 2.5 ± 3.3 3.4 ± 2.5 
50 96.4 ± 27.7 95.3 ± 17.3 2.6 ± 3.3 3.2 ± 2.3 
60 95.0 ± 26.9 93.3 ± 15.5 2.6 ± 3.0 2.5 ± 1.2J 
• Capacitance (% of pretreatment) as a measure for the SC hydration and slUn surface water loss (g m- 2 h-'). Application of sodium lauryl sulfate (SLS) or buffer (control) was as 
described for Fig 1 (given arc means ± SO of" = 10 volunteers). 
I Time after removal of the solution. 
, Signilicanrly different from controls (p s 0.05) Student t test for paired samples. 
J Significantly different from pretreatment (p S 0.05) Student t test for paired samples. 
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Table II. Area Under the SSWL Time Curve" 
AUC 
c, AU C (g/m' )b 
C, AUC (gig SC)' 
Control 
4.3 ± 3.4 
0.3 ± 0.4 
0.02 ± 0.03 
SLS 
5.5 ± 2.6 
1.5 ± 1.0' 
0.10 ± 0.06' 
• Shown are mean values (± SO) of the area under the skin surface water loss-time 
curves. Calculations were made from the raw data from Table I. 
'Calculated as AUC minus baseline TEWL (II = 10 volunteers). 
, Significantly different from controls (p :5 0.05) Student t test for paired samples. 
J t;. AUC (gig SC) calculates the uptake of water per gram dry SC with the assump-
cion that 1 m' of dried SC weighs approximately 15 g. 
Itl Vivo Humall Irri taliot'l Studies: Aqueous solutions (300.uI) of the alkyl 
sulfates (20 mM) were applied to the volar forearm of adult human volun-
teers according to a randomized and double-blind protocol. The application 
was by means of occlusive polypropylene chambers (2.5 em', Hilltop). The 
responses were evaluated by objective, non-invasive techniques 1 and 24 h 
after removal of the test substances. 
Measurements Capacilal1ce as a measure of stratum corneum hydration 
was measured in duplicate using a capacitance meter (Corneometer CM 820 
PC; Courage & Khazaka, Cologne, Germany). The probe head (7 X 7 mm) 
consisting of a condensor was applied to the skin surface at constant pressure 
(3.5 N). The measuring principle is based on distinctly different dielectric 
constants of water (approximately 81) and most other materials (less than 
seven) [11]. 
TraflSepidermal water loss (TEWL) was measured with an evaporation 
meter (Tewameter; Courage & Khazaka) . ]lhis instrument uses the method 
of vapor pressure gradient calculation described in detail by Nilsson [12]. 
The probe was held in place for each measurement unti l a stable value had 
been established (approximately 30 seconds) . Skin temperature was mea-
sured usif!g a digital thermometer (GTH l110A; Greisinger Electronic, 
Regenstauf, Germany). Evaporation vaJues were corrected to a standard skin 
reference temperature of30·C as described by Mathias et al [13] by applying 
the following formula: 
log TEWL30 = log TEWLy. + 0.035 (30- T) 
with TEWLy. = TEWL at a given skin temperature T, and TEWL30 = 
corrected TEWL for a standard reference temperature of 30 ° C. 
Skill su1ace water loss (SSWL) represents the water evaporation from the 
skin surface in the special case of occlusion or after appl ication of water or an 
aqueous solution to the skin. In essence, SSWL equals excess water evapora-
tion plus baseline transepidermal water loss (Fig 1). This dYl1amic parameter 
correlates posi tively with SC hydration, once the occlusive material (or the 
solution) is removed [8]' For SSWL measurements the evaporation probe 
was placed on the skin directly after the remaining surfactant was wiped off 
the skin. Water evaporation was recorded continuously for 60 seconds. 
During this time water evaporation decreased rapid ly. The mean value of the 
last 10 seconds of the measuring period as calculated by the instrument was 
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Figure 3. Stratum corneum hydration as evaluated by capacitance measure-
ments at different times after varying application times of 20 mM sodium 
lauryl sulfate (SLS) and buffer solution (control), respective ly (means ± 
SEM; 11 = 10 volunteerS; SEM has been chosen instead of SO for visual 
clarity) . 
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Figure 4. Mean skin surface water loss (SSWL) at different times after \ 
varying application times of 20 mM sodium lauryl sulfate (SLS) and buffer 
solution (control), respectively (means ± SEM; 11 = 10; SEM has been cho-
sen instead of SO for visual clarity). 
taken as the SSWL value (1 min). Measurements at further time intervals 
were performed accordingly for periods of 60 sec. SSWL values were 
corrected to a standard skin temperature of 30·C, according to the formula 
for TEWL values (see above) . 
Erythema was objectively quantitated by skin color reflectance measure-
ments with a tri-stimulus chromameter (CR 200, Minolta, Ahrensburg, 
F.R.G.). For a detailed description of the measuring principle see [14]. Basi-
cally, in the L* a* b* mode, parameter a* represents the color spectrum from 
total green to pure red. It has been shown that a* correlates closely with 
erythema values. All values are the means of three measurements. 
Before all measurements, the subjects rested at least 15 min at constant 
ambient room temperature (20 ± 2°C) and relative humidity (40-65%). 
RESULTS 
Five-minute application of PBS significantly increased the SC water 
content as evidenced by a 125% rise in capacitance and a sixfold 
increase in SSWL at 1 min after the treatment (Fig 2, T able I) . 
When fo llowing the SC hydration over time, a rapid reversibility of 
this effect was observed (Fig 2). Approximately 10 min after re-
moval of the substance, pretreatment hydration values were re-
gained and 60 min after water exposure, capacitance and SSWL , 
tended to be lower than before treatment. By means of integrating 
the area under the SSWL time curve, a reversib le uptake of 0.3 ± 
0.4 gjm 2 w as calculated for control treatment. This value was sig-
nificantly higher (1.5 ± 1.0 gjm2) for SLS-treated sites (Table II). 
However, like the control treatment, SLS enhanced the SC hydra-
tion only for approximately 5 -10 min after the treatment termina-
tion. Significantly higher hydration values for SLS as compared 
with controls were observed only for the first 3 min. Sixty minutes 
after SLS treatment SSWL was significantly lower than before 
treatment. Similarly, capacitance values te nded to be lower than 
before treatment. The difference, however, was not statistically 
significant. 
The SLS-induced SC hydration was strongly dependent upon the 
application time (Figs 3, 4) , with a saturation for application times 
exceeding 5 min. Again, in a range from IS-second to lO-min ap-
plication, significant differences w ere noted only directly (1 min) 
after removal of the solution. 
That this rapidly reversible increase in capacitance and SSWL 
indeed represent an increase in the SC water content was substan-
tiated by the ill vitro uptake of tritiated water by sc. SC incubated in 
a buffer solution took up almost twice its weight, whereas SLS 
induced the absorption of 6 g tritiated water per gram dry SC (Fig 
5) . The ill vitro water uptake by SC was dependent on the surfactant 
dose and the incubation time (Fig 5, 6). 
Because of t he rapid reversibility of the if! vivo SC hydration only 
the values obtained directly (1 min) after the end of exposure are 
shown for the other tested substances. A clear dose-response rela. 
tionship was established in a homologous series of alkyl sulfates 
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Figure S. III vitro ~ptake of tritiated water by isolated ~C samples .after 
• varying incubation times In 200 mM SLS and buffer solution, respectIvely 
(means ± SEM, II = 10; SEM has been chosen instead of so for visual 
clarity). 
(Figs 7, 8). Surfactant-induced hydration increased with alkyl chain 
length up to the C12 homologue at all concentrations and decreased 
slightly for the C14 molecule. The non-ionic, clinically mild sur-
factant Tween 20 included as a second control had no significant 
effect on SC water uptake (Table III). 
In a parallel experiment, we patch-tested the identical com-
pounds at 20 mM co~centration in hu~an vol.unteers ~o evaluate 
their irritation potential. We observed mcreasmg barner damage 
(TEWL increase) (Fig 9) and. increasing erythema (a*) (Fig 10) wit.h 
increasing hydrocarbon cham length of the alkyl sulfates. MaXI-
mum values were noted for sodium \auryl sulfate (C12). Increased 
but comparatively lower nUJ?bers were noted for sodium alkyl sul-
fates with longer carbon cham lengths (C14 and C16). Therefore, a 
significant linear correlation between the in vivo SC hydration re-
sponse and the erythema formation after patch-testing was demon-
strated for these compounds (Fig 11). A similar linear correlation 
(r2 = 0.82) was established between SC hydration after 5-min ex-
posure and TEWL after patch-testing (data not shown). 
/ DISCUSSION 
Stratum Corneum Hydration We quantitated surfactant-in-
duced SC hydration in vivo by electrical capacitance measurement. 
The (hyper-) hydration effect following application of surfactant 
solutions for a rather short time period (1-10 min) was transient in 
nature and dependent on the surfactant concentration, although the 
effect appeared to saturate for higher concentrations, as well as for 
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Figure 6. [II vitro uptake of tritiated water by isolated SC samples after 
30 min and 240 min incubation in SLS at different concentrations 
(means ± SEM, II = 10; SEM has been chosen instead of SO for visual clar-
ity). 
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Figure: 7. Stratum corneum hydration as evaluated by capacitance measure-
ments In percent of pretreatment values 1 min after 5-min application of 
aklyl sulfates at different concentrations (means, n = 10). 
application times exceeding 5 min. Because SSWL measurements 
parall~led e1ectrica! capacitance values, unspecific changes in-
fluencmg the capaCitance measurements other than change in SC 
water content could be ruled out. 
Cor~espondingly, the increase in capacitance values ill vivo as well 
as the mcreased uptake of tritiated water ill vitro indicate that the 
increased water evaporation from the skin surface (SSWL) is an 
estimate of the amount of hydration of this subtle tissue and is 
fundamentally not an indication for a disturbed barrier function. In 
other word.s,. in the particular situation of a (hyper-) hydrated SC 
that re-eqUilibrates to baseline hydration status once the solution is 
removed from the skin, a non-invasive evaluation of the barrier 
function of the skin is impossible. 
Stratum corneum incubated in a buffer solution took up almost 
twice its weight, whereas SLS induced the absorption of 6 g tritiated 
water per gram dry Sc. For 5-min incubation, ill vitro water uptake 
was approximately 1.2 gig dry SC versus 2.5 gig dry SC, for con-
trol and SLS treatment, respectively. 
If one compares these data with the ill vivo evaporation data, one 
notes more pronounced elevations of SSWL values directly after 
removal of the surfactant. However, by integrating the area under 
the SSWL time-curve as a parameter for the previously bound water 
gm-2 h- l 
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Figure 8. Skin surface water loss (SSWL) 1 min after 5-min application of 
alkyl sulfates at different concentrations (means, 11 = 10). 
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Figure 9. Transepidermal water loss (TEWL) 24 h followin g a 24-h appli-
cation of alkyl su lfates (20 mM) wIth variable hydrocarbon challl length to 
the volar forearm of volunteers (means ± SEM. " = 10; SEM has been cho-
sen instead of SO for visual clarity). 
and estimating the dry weight of SC as 15 g/m2, it is sho:vn th~t 
because of the rapid relaxat ion of SSWL values to baselll1e tillS 
initial high evaporati on reflects only an uptake of.O. l ~/g. dry sc. 
That this value is much lower than the correspondll1g In I/ltro value 
is due to the prehydration of the tissue ill villa versus the pre~ried 
tissue ill vitro. The first-minute SSWL value is therefore a sensItive 
parameter to detect relatively small changes in SC water content. 
The Hydration Mechanism It has. been su~gest~d that the SC 
(hyper-) hydration results from a contll1uous dls;uptlOn of the sec-
ondary and tertiary structure of kera t1l1 prote1l1s expos111g new 
water-binding sites. thereby increasing the hydration of the mem-
brane [4,15] . The shape of our concentration and application time 
curves, suggestin g saturation of water binding sites in human S~, 
and the rapid reversibil ity of this process, are in support of thiS 
hypothesis. Interactions with intercellularSC lipids may also occur, 
although one would expect extraction ofhplds and th at tll1~ type of 
reaction would not be as readily reversible as observed 111 thiS study. 
It appears noteworthy, however, tbat in our ill vivo studies satura-
tion was well above the critical micelle concentratIOn (CMC) of the 
surfactants. This is in contrast to some earlier itl vitro investigations 
[4.16]. Below the C MC, surfac.tants exist as monomer species in th e 
solution whereas at concentrations exceed111g the C MC the surfac-
tant molecule will form micell es, i.e., spherical aggregates of 50 -
100 molecules [2] . It has been assumed that the hydration ofSC was 
primarily due to surfactant submicellar species because micelles 
were considered to be too large to penetrate the membrane. How-
ever, Faucher demonstrated that the uptake ofSLS by hair and by SC 
keratin increased appeciabl y, even above the CMC [2]. 
Rhein e/ al. [4] speculated that th e swelling mechanism must 
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Figure 10. Skin color refl ectance (SCR. a* ) 24 h fo llowing a 24-h applica-
tion of alkyl sulfates (20 mM) WIth vanable hydrocarbon challliength to the 
volar forearm of volunteers (means ± SEM. " = 10; SEM has been chosen 
instead of SO for visual clarity). 
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Figure 11. Significant linear correlation between SC swel ling. (evaluated ' 
by skin surface water loss measurements; SSWL) and SC barrier damage 
(evaluated by transepidermal water loss measurements, TEWL). SSWL was 
measured 1 min after 5-min application and TEWL was measured 24 h after 
24-h application of 20 mM SLS (means ± SEM. /I = 10; SEM has been I 
chosen instead of SO for visual clarity) . 
involve a combination of ionic binding of the hydrophilic group as 
well as hydrophobic interactions of the alkyl chains with the sub-
strate . The second mechanism would leave the negative end group 
of the anionic surfac tant exposed. The additional anionic sites thus 
created in the membrane would result in repulsive forces that would 
separate the matrix, exposing more water-binding sites. 
Relationship Between Stratum Corneum Hydration and ~­
ritation Potential D oes SC (hyper-) hydration playa role ill 
surfactant-induced irritation? Among various alkyl sulfates, the ex-
tent of surfactant-induced SC hydration correlated not only wirh I 
the concentration and application time, but also with the irritation 
potential of th ese compounds ill "iva. Our il'l "iva studies thus con-
firm earlier il'l vitro experiments using isolated SC or other mem-
branes, e.g., collagen film [3] , 
The degree of surfactant-induced (hyper-) hydration ~f tl~e SC~ as 
well as the irritation potential of the alkyl sulfates, 11lItlally 10-
creased with increasing alkyl chain length, with a maximum r~­
sponse for the C12 homologue (SLS) . Further increases ill cha.t~ 
length resulted in decreased responses, The explanation for rhls 
phenomenon is not yet known. Probable explanations include the 
following. With increasing chain length the alkyl sulfates get more I 
lipophilic, which w ill initially favor partitioni!lg into the Sc. F~­
ther increases in the chain length , however, l111ght exceed the Opti-
mum in lipophilicity. Additionally , the hydrophobic bond energy 
increases with increasing chain length , However, the correspond-
ing increase in molecular size will render partitioning of the larg~ 
molecul es into SC more difficult . Las tly , with increasing chaUl 
length the critical micell e concentration decreases, Thus, the sub-
Table III. Skin Surface W ater Loss (SSWL) after Short-term 
Application of Surfactants' 
Concentration (mmol) 
Substance 3 10 30 100 
SLS 57.9 ± 15.4 67.8 ± 11.2 78 ,9 ± 9.6 84,3 ± 8.0 
Tween 20 49 .6 ± 19.5 45 ,3 ± 15.7 45.4 ± 15.0 38.7 ± 16 .. 
Buffer 46.8± 17.3 
(control) 
• SSWL measureme nts were taken as described under Materials alld Methods I miD 
after 5-min application of surfactants to volar forearm skin (means ± SD: /I = 10). T b. 
anionic surfactant sod ium Iauryl sulfate induced dose-dependent swellll1g of the S 
membrane whereas the non-ionic surfactant Tween 20 (polyoxyethylenesorbit.l!l 
monolaurate) had no significant effect as compared w ith control (buffer) . 
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micellar concentration of surfactants are lower for the higher alkyl 
chains and, conversely, monomer levels would be higher (because 
the CMC is higher) for the shorter chain alkyl sulfates. 
At first glance it may appear contradictory that of the tes ted 
anionic surfactants the molecule with the greatest irritation poten-
tial; i.e., SLS, increased the SC water content the most. This con-
trasts sharply with the clinical perception that this agent may indeed 
result in dramatic skin dryness, as demonstrated in a recent study by 
ourselves where the initial SLS-induced increase in SC water con-
tent reversed to a dramatic drying of SC several days after expo-
I sure.:j: However, it is also known that SLS results in smooth skin 
directly after removal of the substance. After a lapse o~ some t~~e 
this effect is reversed. W e speculate that both observatIons, II1ltlal 
SC hyperhydration, a~d subsequent SC dry~less ar.e the result of the 
same mechanism at different observatIOn tlmepolI1ts. The confor-
, mational change of SC keratin proteins in the presence of the alkyl 
sulfate and excess water results in (hyper-) hydration of the tissue. 
I After evaporation of the excess water according to the concentration 
gradient, the tertiary structure of the protein can not be totally 
• restored, but is left with some functional defects. 
This hypothesis is supported by an early study of Imokawa [17] , 
who showed a positive correlation between the adsorption of sur-
fac tant to SC and their roughening effects by a reduction of indigo 
carmine staining of surfactant-treated skin. More recent experi-
ments by Berardesca et al demonstrated that repeated short open 
application of SLS significantly reduced the water-binding capacity 
of SC in vivo (8). 
This reduced water-binding caracity of SLS-treated SC most 
likely results from a denaturation 0 keratin proteins. Goodman and 
Barry [16] observed in their differential scanning calorimetry stud-
ies with increasing SLS concentration a decrease in the T3 and T4 
temperature that eventually merged with T2 to produce one ex-
tended broad endotherm. According to the authors, this suggests 
'> that SLS may both uncoil and expand keratin and also insert into the 
lipid structure. 
Future work shall include more substances with different struc-
ture to elucidate whether our short and simple il'l vivo functional 
assay that results in no volunteer discomfort is able to predict the 
irri tation potential of a large range of molecules. 
~ 
I 
:j: Presented at the First Congress of the European Contact Dermatitis 
Society, Brussels, 9 October 1992 (manuscript in preparation) . 
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